I =

- . B
R 55 A
Ferdowsi University
of Mashhad

\ Journal of Metallurgical and Materials
Engineering

$

Iron&Steel
Society of Iran

The Effect of Electrolyte on the Microstructure and Corrosion Properties of Plasma

Electrolytic Oxidation Coating on AA7075*
Research Article

Erfan Pirhadi nouri!, Saeed Reza Allahkaram?
DOI: 10.22067/jmme.2025.89503.1153

, Mehrnaz Gharagozlou®

1- Introduction

Aluminum alloys are widely recognized for their
exceptional properties, including high strength-to-weight
ratio, good corrosion resistance, workability, recyclability,
and  versatile  manufacturing  methods.  These
characteristics make them ideal for structural applications
in aerospace, transportation, and marine industries.
Alloying elements play a crucial role in the corrosion
behavior of aluminum alloys. For instance, magnesium
enhances the protective oxide film, improving corrosion
resistance, as seen in the 5000 series alloys. In contrast,
elements like copper can degrade these protective
properties. The 7075 aluminum alloy, containing 1.2—2%
copper, exhibits outstanding mechanical properties but
poor corrosion resistance. To address this, various surface
engineering techniques, including anodizing, polymer
coatings, sol-gel coatings, and plasma electrolytic
oxidation (PEO), have been employed.

Plasma electrolytic oxidation, also known as micro-arc
oxidation (MAO), is an environmentally friendly and cost-
effective surface modification technique that forms a
ceramic oxide layer on aluminum, magnesium, and
titanium alloys. This process, which resembles anodizing
but operates at higher voltages with plasma discharges,
significantly enhances surface characteristics, including
hardness, wear resistance, and corrosion resistance. The
performance of PEO coatings is influenced by several
parameters, including substrate composition, electrolyte
composition, and electrical parameters. Among these,
electrolyte composition is the most critical, affecting
discharge characteristics, coating morphology, and
corrosion resistance. Commonly used electrolytes contain
silicates, phosphates, or aluminates, which facilitate the

formation of PEO coatings. This study investigates the
effect of electrolyte composition and concentration on the
microstructure and corrosion behavior of PEO coatings on
7075 aluminum alloy, addressing the lack of
comprehensive research in this area.

2- Materials and Methods

7075 aluminum alloy samples (5x20x20 mm) were
prepared by grinding, degreasing, and ultrasonic cleaning.
PEO coatings were applied using a unipolar pulsed current
with a constant current density of 35 A/dm?, frequency of
1000 Hz, duty cycle of 50%, and duration of 5 minutes.
Four different electrolytes were used, as detailed in Table
1. The process employed a stainless steel cathode and an
electrolyte circulation system to regulate temperature and
maintain homogeneity. Coating microstructure and
elemental composition were analyzed using scanning
electron microscopy (SEM) and energy-dispersive X-ray
spectroscopy (EDS). Porosity and micropore size were
calculated using ImageJ software, while coating thickness
was measured using an eddy current thickness gauge.
Corrosion  resistance  was  evaluated  through
electrochemical impedance spectroscopy (EIS) in a 3.5%
NaCl solution.

3- Results and Discussion
The thickness and microstructure of the PEO coatings

were significantly influenced by the electrolyte
composition and concentration. Silicate-based electrolytes
resulted in thicker coatings compared to phosphate-based
ones, attributed to the higher conductivity of silicate
electrolytes, which accelerates oxide layer formation. The
addition of phosphate to silicate electrolytes reduced
porosity, as observed in the S5P5 coating. The SEM
micrographs revealed a typical porous morphology with
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micro-discharge channels, resulting from localized plasma
discharges in the PEO treatment. EDS analysis confirmed
the incorporation of silicon from the silicate electrolyte
into the S10 coating, particularly in the nodular regions,
whereas the S5P5 coating showed a reduced presence of
silicon. Cross-sectional SEM micrographs of the S5P5
coating demonstrated strong adhesion between the coating
and substrate, with no cracks or discontinuities at the
coating-substrate interface .EIS results after 24 hours of
immersion in 3.5% NaCl solution indicated that the outer
porous layer of the coatings provided minimal corrosion
resistance, as the corrosive medium penetrated the pores.
The inner dense layer was the primary contributor to
corrosion resistance. The S5P5 coating exhibited the
highest corrosion resistance among the tested samples,
followed by the S10, S5, and P5 coatings. This superior
performance of the S5P5 coating can be attributed to its
lower porosity and more compact structure, which
hindered the penetration of corrosive agents. While thicker
coatings, such as S10, generally provide better corrosion
resistance by delaying the penetration of corrosive media,
excessive porosity can undermine this benefit by creating
pathways for aggressive ions. These findings highlight the
trade-off between coating thickness and porosity in
determining corrosion resistance .

Table 1. Electrolytes composition

Sample | NazSiOs (g/l) | (NaPOgs)s (g/l) | KOH (g/l)
S5 5 0 2
P5 0 5 2
S10 10 0 2
S5P5 5 5 2

4- Conclusion

This study demonstrated that electrolyte composition and
concentration significantly influence the structure and
corrosion resistance of PEO coatings on 7075 aluminum
alloy. Higher electrolyte concentrations and silicate
content increased coating thickness, while phosphate
additives reduced porosity. The S5P5 coating, with
balanced thickness and low porosity, exhibited the best
corrosion resistance, followed by the S10, S5, and P5
coatings. These results underscore the importance of
optimizing electrolyte composition to achieve PEO
coatings with enhanced corrosion resistance.
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The Effect of Electrolyte on the Microstructure and Corrosion Properties of Plasma Electrolytic
Oxidation Coating on AA7075

Erfan Pirhadi Nouri Saeed Reza Allahkaram Mehrnaz Gharagozlou

Abstract Plasma electrolytic oxidation (PEO) is an effective method to improve the corrosion resistance of 7075
aluminum alloy. Electrolyte plays a crucial role in determining the properties of the final coating. In this research, the
effect of electrolyte on plasma electrolytic oxidation (PEO) coatings formed on AA7075 alloy in silicate, phosphate, and
silicate-phosphate electrolytes was investigated. The thickness of the coatings was measured by an Eddy-current thickness
gauge. It was found that increasing the concentration of silicate increases the growth rate of the coating. Increasing the
silicate concentration from 5 to 10 g/L led to a coating thickness increase from 7 to 14.5 um. The microstructure and
constituent elements of the coatings were examined by SEM equipped with an EDS detector. The presence of sodium
phosphate in the electrolyte slows the coating's growth rate and reduces its porosity by 10.6 percent. The corrosion
resistance of coatings was evaluated in 3.5% NaCl solution by EIS test. It was found that |Z| is 89% higher for the silicate-
phosphate coating than the silicate coating. Silicate-phosphate electrolyte showed the best corrosion resistance behavior
due to its lower porosity.

Keywords AA7075, Plasma Electrolytic Oxidation, Corrosion.
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